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What are memristors and
memcapacitors?
Data-intensive computing operations, such as training
neural networks, are essential but energy-intensive.
Memcapacitance and memristance, which can be described
as capacitance and resistance, with “memory", are
properties of semiconductor devices that are observed on
the nano-scale. These properties allow for data storage
without a constant source of power, leading to hardware
which is more energy efficient.

How do we use them in neuromorphic
computing?
We intend to demonstrate that we can build specialized
hardware onto which a neural network can be directly mapped
using memristors and memcapacitors, improving the energy
efficiency of the network. We will use Simulation Program with
Integrated Circuit Emphasis (SPICE) to model our memcapacitor
and memristor. Using this model, we will create a reservoir of
memristive and memcapacitive elements and evaluate our
design across a range of memcapacitors to memristor ratios,
while testing reservoir structures including small-world,
crossbar, random, hierarchical, and power-law implementations.
We hypothesize that our design will greatly improve the energy
efficiency and performance of neural networks.

Advantages of using memdevices
• Allows for parallel computing at the same location where data
is stored , which could alleviate memory wall issues
• Low power dissipation and high chip density
• Synaptic behaviour can be simulated directly on the memristor

Fig 4: Neural Network with memristors
A comparison of the human nervous system and the artificial neural
system implemented in neuromorphic devices.
Source : Kim, S. J., Kim, S. B., & Jang, H. W. (2021). Competing
memristors for brain-inspired computing. Iscience, 24(1),
101889.

Conclusion
One of the biggest challenges for big data
processing is the limitations of the conventional
CMOS based computing systems relating to power
and performance. Memristor and memcapacitor
based devices have several advantages such as
CMOS process compatibility, zero standby power
great scalability and high density, in addition to the
potential to implement high density memories and
logic design that can enable new computing
paradigms. This opens up the possibility of building
computers that are not only inspired by the human
brain, but could potentially outperform it.

Fig 1: Fundamental circuit elements.
Depicts the elements relating the charge,current, flux and voltage
Source: Strukov, D., Snider, G., Stewart, D. et al. The missing memristor
found. Nature 453, 80–83 (2008). https://doi.org/10.1038/nature06932
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Fig 2: Memristor pinched hysteresis curve generated using Ltspice .
This is often referred to as the fingerprint of the memristor.

Fig 3: Structure of the memcapacitor.
a, General device structure with a gate electrode, shielding layer (SL) and readout
electrode (I, current; Q, charge). The electric field coupling is indicated by the blue
arrow. b, Device structure with a lateral pin junction as well as electron and hole
injection. c, Crossbar arrangement of the device in b, where a.c. input signals are
applied to the word lines (WLs) and the accumulated charge is read out at the bit lines
(BLs). During readout, the SL is mostly connected to GND.
Source : Demasius, K. U., Kirschen, A., & Parkin, S. (2021). Energy-efficient
memcapacitor devices for neuromorphic computing. Nature Electronics, 4(10),
748-75
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